Climate change is one of the greatest challenges in the 21st century and the agriculture sector is very vulnerable to this phenomenon. Since wheat is the most important cereal crop in Iran, we aim to analyze the potential impact of climatic variables (temperature and precipitation) on rainfed wheat productivity in Hamedan Province, Iran. For this purpose, generalized additive models have been used to model yields of rainfed wheat based on climatic variables during 2004-2012. Then, based on sensitivity of rainfed wheat to temperature and precipitation in this period, we predict the potential effects of climate change on rainfed wheat yield under the IPCC SRES A1FI and B1 climate change scenarios. Results suggest that yields of rainfed wheat would decrease in all Hamedan's counties primarily because of decreasing October to June precipitation and higher temperature. As a result, it is predicted that the yield of rainfed wheat in Hamedan under the A1F1 and B1 scenarios will fall by 41.3% and 20.6%, respectively, in the 2080s. In other words, according to the A1F1 scenario, in the 2080s, Hamedan Province's rainfed wheat production will decline from 1090 kg/ha to 639 kg/ha and under the B1 scenario to 865 kg/ha.
INTRODUCTION
and modifying evaporation, runoff, and finally soil moisture (Rosenzweig & Hillel ) . Indirect effects will include potentially deterministic changes in diseases, pests, weeds, and sea level rise (Keane et al. ) , the effects of which have not yet been quantified in most studies. All these factors and variables can change yield and agricultural productivity (Battisti & Naylor ) . Although there will be gains in some crops in some regions of the world, the overall impacts of climate change on agriculture are expected to have a negative effect, threatening global food security. Predictions show that global agricultural productivity would fall by 15.9% in the 2080s if global warming continues unabated (Cline ) and developing countries lying in the tropical and sub-tropical regions would face catastrophic results ( Wheat is the most important cereal crop in Iran, accounting for 35% of the food grain production of the country (12 million tonnes in 2004). Rainfed wheat accounts for about 60-65% of the land area under wheat production in Iran and contributes 30-35% of wheat production in the country. The share of wheat in the daily energy supply is 47% (Ministry of Agriculture Jahad of Iran ) and the demand for wheat is predicted to be over 20 million tonnes in 2020 (Sharifi ) . Rainfed agriculture is much more vulnerable to climate change (Trethowan & Pfeiffer ; Ludwig & Asseng ) . For these reasons, we aimed to analyze the impacts of climate change on rainfed wheat production in the Hamedan Province as one of the main wheat producer provinces in the country.
MATERIALS AND METHODS

Study area
The study was conducted in Hamedan Province. to 2012 and include data on cultivated areas, production and yield (tonnes/ha) under rainfed conditions. The choice of these periods was justified by the availability of wheat productions statistics for the areas at those periods.
The SRES A1FI (highest future emission trajectory) and B1 (lowest future emission trajectory) climate scenarios for three time slices, namely 2020s (2010-2039), 2050s (2040-2069) and 2080s (2070-2099), were chosen to evaluate climate change impacts (Table 1) . A GAM has the following general structure (Hastie & Tibshirani ) :
Generalized additive models
where f j ð:Þ are unknown smooth functions of the covariates x 2i , x 2i , … . Generalized additive models provide a flexible method for uncovering nonlinear relationships between response variable and covariates in exponential family and other likelihood based regression models. In the case study given in this paper, the iterative method known as the back-fitting algorithm was used to predict the unspeci- 
where ∈ are the independent normally distributed measurement errors with mean zero and variance σ 2 . As can be seen in Figure 3 (specifically in 2008), October to June precipitation is one of the main reasons for yield variation. We also studied the effect of latitude, longitude and elevation of the eight counties of Hamadan Province (Hamadan, Malayer, Nahavand, Asadabad, Razan, Bahar, Kaboodarahang, Tuyserkan) but since they are not statistically significant we have removed them from the final model. Table 1 . Figure 6 indicates that, in each scenario, the yield increases with increasing precipitation. However as we can see overall yield decreases in the 2020, 2050, and 2080s. Results based on the proposed model, presented
in Figure 6 and summarized in Table 2 , indicate that the yield of rainfed wheat in Hamedan Province will fall by 41.3% and 20.6% in the 2080s under the A1F1 and B1 scenarios, respectively. As can be seen in Table 2 and Figure 7 , Hamadan County will have the minimum reduction and Asadabad County will experience the sharpest decline in rainfed wheat production in the future. Figure 8 indicates that the annual yield will increase with increasing mean temperature in JFM, but there is an inverse relationship in AMJ as illustrated by Figure 9 ;
however the effect of mean temperature in OND is not statistically significant. The JAS effect is not of direct interest. Figures 8, 9, 10 and 11 show the partial effects of seasonal temperature covariates on yield.
CONCLUSIONS
Climate change is now recognized as one of the most challenging and complex problems facing the globe. Literature review shows that climate change is global; likewise its impacts; but the most adverse effects will be felt mainly by developing countries. The agriculture sector, especially in terms of rainfed crop yields, may be particularly Table 1 in terms of mean temperature in AMJ.
Figure 10 | Prediction for yield in Hamadan based on the data in Table 1 in terms of mean temperature in JAS. 
